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Part I Local effects of adipose tissue






























General introduction, aims 
and outline of the thesis





























































innervated.	 Furthermore,	 it	 contains	many	 immune	 cells	 such	 as	macrophages	































Successful	 treatment	 of	 these	 cartilage	 defects	 remains	 a	 challenging	 clinical	
problem	because	none	of	the	current	regeneration	options	are	able	to	completely	




The	 microfracture	 procedure,	 first	 introduced	 by	 Steadman11,	 is	 a	 simple	 and	
low	 cost	 method	 to	 stimulate	 the	 body’s	 own	 repair	 response.	 In	 the	 original	













harvested	from	healthy	part	of	 the	 joint	to	fill	up	the	defect21.	These	 implanted	























































IPFP	volume	is	not	associated	to	BMI47;48	and	 IPFP	adipocyte	size	 in	mice	 is	not	




factors	 that	 could	 influence	 the	 cartilage	 in	 degenerative	 joint	 disease54.	Other	
authors	 report	 that	 the	 IPFP	 contains	many	 inflammatory	 cells	 and	 that	 it	 is	 a	
source	of	inflammatory	factors55;	56.	
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AIMS AND OUTLINE OF THE THESIS
Adipose	tissue	becomes	inflamed	in	obesity	and	secretes	factors	that	affect	the	
knee	joint.	These	factors	originate	from	adipose	tissue	located	outside	the	knee	












This	 increase	 in	adipocyte	 size	 is	 associated	with	adipose	 tissue	 inflammation.	
However,	there	is	no	information	yet	available	about	whether	obesity	influences	
the	adipocytes	 in	the	 IPFP	 in	humans.	 In	Chapter 2	we	 investigate	whether	the	




factors	 that	 influence	 fibrotic	 processes	 in	 synovial	 fibroblasts.	 Previously,	 we	











studies	 are	more	 suitable.	 In	Chapter 6	 we	 test	whether	 commonly	 used	 lipid	
modifying	medications	can	prevent	degenerative	joint	disease	and	cartilage	dam-


































































mosaicplasty,	and	allograft	 transplantation)	 for	 treating	 isolated	cartilage	defects	of	 the	knee	 in	
adults.	Cochrane	Database	Syst	Rev	9:CD010675.
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Local effects of adipose tissue

 CHAPTER 2
The size of infrapatellar 
fat pad adipocytes is not 
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The data presented in this chapter is accepted as part of the manuscript “Lack of high 
BMI-related features in adipocytes and infl ammatory cells in the infrapatellar fat pad” 









from	12	 end-stage	osteoarthritis	donors	with	 a	mean	BMI	of	 33.0	 kg/m2	 (range	
24.2-48.5	kg/m2).	Fat	 tissues	were	cryosectioned	and	stained	with	haematoxylin	




adipocytes	was	not	 significantly	different	 to	subcutaneous	adipocytes	 (p>0.99).	
Subcutaneous	 adipocytes	 from	obese	donors	were	 significantly	 larger	 than	 the	
IPFP	adipocytes	from	other	obese	donors	(p=0.03).	Our	results	demonstrate	that	
obesity	 does	 not	 affect	 the	 size	 of	 adipocytes	 in	 the	 IPFP,	which	 suggests	 that	
inflammation	of	the	IPFP	is	not	influenced	by	obesity	associated	adipocyte	hyper-
trophy.

















in	 obesity	 related	 joint	 inflammation.	Unlike	 subcutaneous	 adipose	 tissue,	MRI	








Eighteen	 IPFPs	 were	 obtained	 from	 end	 stage	 OA	 patients	 with	 a	 mean	 body	
mass	 index	 (BMI)	 of	 29.7	 kg/m2	 (range	 21.5-48.47	 kg/m2)	 undergoing	 total	 knee	
arthroplasty.	Subcutaneous	adipose	 tissue	was	obtained	 from	twelve	end	stage	
OA	donors	with	a	mean	BMI	of	33.0	kg/m2	(range	24.2-48.5	kg/m2)	undergoing	total	








Measurement of adipocyte size
The	cross-sectional	area	of	the	imaged	adipocytes	was	calculated	using	Fiji	Is	Just	
ImageJ	 software	with	 the	 additional	Adiposoft	 plugin.	 Three	 separate	 sections,	
with	a	minimum	of	25	adipocytes	in	each	section	were	measured	per	donor.	The	
Adiposoft	 application	was	 calibrated	 to	 identify	 cells	with	 a	 diameter	 between	
30-130	µm.	A	measuring	scale	of	0.33µm/pixel	was	also	used	by	the	application	
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mally	distributed.	Spearman’s	rho	was	determined	to	relate	BMI	to	adipocyte	size	
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in	 conditioned	media	of	 IPFP	 from	obese	and	non-obese	OA	donors11,	 and	 that	
conditioned	media	 from	 OA	 IPFP	 explants	 have	 a	 chondroprotective	 effect	 on	
cartilage.12	In	a	rat	model	for	ageing,	only	synovial	thickness	as	one	of	the	many	




of	genes	related	 to	anti-inflammatory	macrophages	 in	 IPFP	explants	 from	these	




The	 use	 of	 unmatched	 IPFP	 and	 subcutaneous	 fat	 is	 a	 limitation	 to	 this	 study.	
Assessing	a	bigger	sample	size	with	matched	 IPFP	and	subcutaneous	 fat	would	
further	 confirm	 the	 differences	 in	 adipocyte	 size	 in	 the	 two	 tissues	 within	 a	
particular	 donor.	 A	 recent	 study	 reported	 considerably	 larger	 adipocyte	 sizes	
for	both	IPFP	(3708	±	976	µm2)	and	subcutaneous	fat	(6082	±	628	µm2)	compared	
to our results14.	 This	 could	be	 attributed	 to	 the	difference	 in	methods	used	 to	
measure	cell	size.	Analysis	of	the	secretory	profiles	of	individual	adipocytes	would	
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Cytokine	 production	 by	 infrapatellar	 fat	 pad	 can	 be	 stimulated	 by	 interleukin	 1β and inhibited 












Stimulation of ﬁ brotic 
processes by the infrapatellar 
fat pad in cultured 
synoviocytes from patients 
with osteoarthritis: 
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for	 production	 of	 collagen	 and	 expression	 of	 the	 gene	 for	 procollagen-lysine,2-
oxoglutarate	5-dioxygenase	2	(PLOD2;	encoding	lysyl	hydroxylase	2b,	an	enzyme	
involved	in	collagen	crosslinking)	as	well	as	the	genes	encoding	α-smooth	muscle-












fibrosis	 in	 the	knee	 joint	by	 increasing	collagen	production,	PLOD2	expression,	
cell	 proliferation,	 and	 cell	migration.	 In	 addition,	whereas	 the	 findings	 showed	
that	TGFβ	is	not	involved,	the	more	recently	discovered	pro-fibrotic	factor	PGF2α 
appears	to	be	partially	involved	in	the	regulation	of	pro-fibrotic	changes. 









Fibrosis	 can	 be	 seen	 as	 an	 abnormal	 healing	 process	 that	 is	 characterized	
by	excessive	deposition	of	 extracellular	matrix	proteins,	 in	particular	 collagen,	
which,	in	turn,	results	in	alteration	of	the	structure	of	the	tissue	and,	finally,	even	
loss	of	 function	of	 this	 tissue.	Fibrotic	processes	are	a	response	 to	a	variety	of	
insults,	such	as	infection,	trauma,	autoimmunity,	or	inflammation,	resulting	in	an	
inflammatory	reaction	with	rapid	recruitment	of	monocytes	from	the	circulation	









which	 is	 regulated	by	 lysyl	hydroxylase	2b	 (LH2b),	 an	enzyme	encoded	by	 the	
gene	 for	 procollagen-lysine,	 2-oxoglutarate	 5-dioxygenase	 2	 (PLOD2)10.	 These	



























Preparation and analysis of fat-conditioned medium
Samples	 of	 IPFP	 were	 derived	 from	 anonymized	 leftover	 knee	 tissue	 material	
obtained	from	patients	with	OA	who	had	undergone	total	knee	arthroplasty.	The	
IPFP	 samples	were	used	 to	produce	 FCM.	The	patients	 implicitly	 consented	 to	
the	use	of	these	tissues	for	scientific	research,	in	accordance	with	the	guidelines	
of	the	Federation	of	Biomedical	Scientific	Societies	(http://www.federa.org),	with	
















Isolation and culture of fibroblast like synoviocytes (FLS)






per	 cm2	 and	 expanded	 in	 Iscove’s	modified	Dulbecco’s	medium	with	 10%	 fetal	
calf	serum	(FCS),	50	µg/ml	gentamicin,	and	1.5	µg/ml	Fungizone	(all	 from	Gibco	



















Analysis of gene expression
After	 culture,	monolayers	 of	 synoviocytes	were	 suspended	 in	 350µl	 RLT	 buffer	
(Qiagen,	Venlo,	the	Netherlands)	supplemented	with	1%	β-mercaptoethanol.	RNA	
was	extracted	and	complementary	DNA	was	analyzed	for	gene	expression	using	
previously	 described	 methods28.	 The	 primer	 sequences	 for	 the	 genes	 were	 as	
follows:	 for	 the	 GAPDH	 reference	 gene,	 forward	 GTCAACGGATTTGGTCGTATT-
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GGG,	 reverse	 TGCCATGGGTGGAATCATATTGG,	 and	 probe	 FAM-CGCCCAATAC-
GACCAAATCCGTTGAC-TAMRA;	for	the	type	I	collagen	α	1	chain	gene	(COL1A1),	
forward	 CAGCCGCTTCACCTACAGC,	 reverse	 TTTTGTATTCAATCACTGTCTTGCC,	
and	 probe	 FAM-CCGGTGTGACTCGTGCAGCCATC-TAMRA;	 for	 PLOD2,	 forward	
CCCTCCGATCAGAGATGATT	and	reverse	AATGTTTCCGGAGTAGGGGAGTCTTTTT;	
and for the gene encoding α-smooth	muscle	actin	(ASMA),	forward	CGTTGCCCCT-
GAAGAGCAT	and	reverse	CCGCCTGGATAGCCACATACA.	Primers	for	the	type	III	col-
lagen	gene	(COL3)	were	purchased	from	Qiagen	Assays-on-Demand	(QT00058233).	
For	 analysis	 of	 GAPDH	 and	 COL1A1,	 TaqMan	 2x	 Universal	 Polymerase	 Chain	
Reaction	(PCR)	Master	Mix	(Applied	Biosystems)	was	used	 in	 the	reaction.	For	













































FCM	 samples,	with	 deuterated	PGF2α	 -d4	 (Cayman	Chemical)	 added	 as	 internal	
standard,	 were	 extracted	 with	 LC-MS–grade	 methanol	 (Riedel-de-Ha¨en).	 The	































culture,	 from	a	mean	1.9	µg/monolayer	 in	 control	 conditions	without	 FCM	 to	a	






































Association of FCM effects with the presence of TGFβ1 or PGF2α.
TGFβ1	and	PGF2α	are	both	known	as	potent	pro-fibrotic	mediators	and	candidates	



















total	collagen	deposition	(Figures	5A	and	D-F).	TGFβ1	and	PGF2α both increased 
the	migration	of	 the	FLS,	but	had	no	effect	on	proliferation	of	 the	FLS	 (Figures	
5B	and	C).	The	effects	of	PGF2α	best	simulated	the	effects	of	FCM	as	seen	in	our	
experiments	(as	described	in	Figures	1	and	2).
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Inhibition	 of	 TGFβ/activin	 receptor–like	 kinase	 5	 signaling	with	 SB505124	 did	




































tors,	 it	was	 shown	 that	 the	 IPFP	 is	 able	 to	produce	 cytokines,	 adipokines,	 and	
growth	factors,	and	thereby	contributes	to	their	levels	in	the	synovial	fluid18-20;34.	
In	 the	 current	 study,	 we	 demonstrate	 that	medium	 conditioned	 by	 samples	 of	
IPFP	obtained	 from	 the	 joints	 of	 patients	with	 end-stage	OA	 stimulates	 fibrotic	
processes	in	FLS.
Culturing	 the	FLS	with	FCM	 increased	collagen	production,	 the	expression	of	












associations	 indicate	 that	 PGF2α	was	 responsible	 for	 some	of	 the	 effects	 of	 the	















we	 cultured	 the	 FLS	with	 TGFβ1.	However,	 collagen	 deposition	 is	 regulated	 on	






















Since	 the	addition	of	AL8810	decreased	PLOD2	expression,	our	 results	 indicate	
indirectly	 that	 PGF2α	 levels	 are	 associated	 with	 PLOD2	 expression,	 in	 addition	
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drogenesis.	Conditioned	medium	 from	 IPFP	decreased	collagen	2	 and	aggrecan	
gene	expression	and	thionin	and	collagen	type	2	staining.	This	anti-chondrogenic	
effect	was	the	same	for	conditioned	medium	from	IPFP	of	osteoarthritic	and	trau-
matically	 injured	 joints.	 Furthermore,	 IPFP	 from	 obese	 (Body	Mass	 Index	 >30)	
donors	did	not	inhibit	chondrogenesis	more	than	that	of	lean	(Body	Mass	Index	
<25)	donors.	Finally,	conditioned	medium	from	macrophages	isolated	from	IPFP	










marrow	 to	 repair	 the	 defect1;2.	 However,	 instead	 of	 a	 normal	 hyaline	 cartilage	
matrix,	a	fibrocartilaginous	cartilage	matrix	fills	up	the	defect1;3;4.	An	explanation	
why hyaline cartilage production is inhibited could be that the cartilage defect 
is	located	in	a	post-traumatic	inflammatory	environment5.	In	this	post-traumatic	
inflammatory	 environment,	 circulating	 inflammatory	 factors	 stimulate	 matrix	
degradation and inhibit chondrogenic differentiation6.
Besides	surgical	intervention,	research	is	currently	focused	on	MSC-based	tissue-
engineered cartilage repair strategies7.	 	 In	 these	 strategies,	 repair	 tissues	 are	
engineered	 in-vitro	 using	 a	 combination	 of	MSCs,	 scaffolds	 and	 growth	 factors	
and	subsequently	implanted	into	the	cartilage	defect.	When	implanted,	the	MSCs	
in	 these	pre-engineered	constructs	will	be	exposed	 to	 the	 same	post-traumatic	






















bolic	cytokines12,	 it	 is	to	be	expected	that	 IPFP	secreted	factors	 influence	other	
joint	tissues.	Against	our	expectation	that	the	factors	released	from	IPFP	would	













Preparation of adipose tissue conditioned medium (CM)
IPFP	 tissue	 was	 obtained	 as	 leftover	 material	 from	 patients	 with	 OA	 who	 had	
undergone	a	 total	 knee	 replacement	 (Age	66.1	years	 (53.9-80.2);	BMI	29.3	 (21.5-
43.7)),	or	from	patients	during	anterior	cruciate	ligament	(LR)	reconstruction	(Age	
29.3	 (17.6-48.0);	 BMI	 22.8	 (19.3-29.0)),	with	 time	 from	 trauma	 to	 reconstruction	
5.4	 months	 (2-12	 months).	 Subcutaneous	 adipose	 tissue	 (SAT)	 from	 patients	
undergoing	total	hip	replacement	was	used	(Age	63.0	(50.2-79.1);	BMI	31.3	(24.0-
35.8)).	 Consent	was	 given	 in	 accordance	with	 the	 guidelines	 of	 the	 Federation	
of	 Biomedical	 Scientific	 Societies	 (http://www.federa.org)	 after	 approval	 by	 the	
local	ethical	committee	(MEC	2012-267).	All	culture	media	from	now	onwards	were	
supplemented	with	1.5	μg/mL	fungizone	and	50	μg/mL	gentamicin	(both	Gibco).	

















After	 centrifugation,	 the	 supernatant	 containing	 the	floating	adipocytes	and	 fat	
was	 removed,	 cell	pellet	was	 re-suspended	and	filtered	 through	a	100	µm	filter	
followed	by	a	40	µm	filter.	The	resulting	cell	suspension	was	layered	on	top	of	15	
ml	Ficoll	(Ficoll-Paque™	PLUS,	GE	Healthcare)	and	separated	by	density	gradient	














Human monocyte isolation, differentiation and CM preparation
Peripheral	 blood	 monocytes	 were	 isolated	 from	 buffy	 coats	 with	 CD14+	 mag-
netic	beads		(Miltenyi	Biotec)	and	MACS	according	to	manufacturer’s	instructions.	
Monocytes	were	then	seeded	at	500.000	cells/cm2,	stimulated	to	M(LPS+IFN-ɣ)	with	






Human dermal fibroblast expansion and CM preparation







Isolation and culture of human MSCs
MSCs	were	isolated	from	heparinized	bone	marrow	aspirates	of	patients	with	OA	
undergoing	total	hip	replacement	(9	donors;	Age	61	years	(32-78)).	Patients	gave	
informed	 consent	 and	 the	 study	was	 approved	 by	 the	 local	 ethical	 committee	
of	 the	Erasmus	MC,	Rotterdam	(MEC	2004-142)	and	Albert	Schweitzer	Hospital,	
Dordrecht		(MEC	2011-07).	Bone	marrow	aspirates	were	plated	and	washed	after	






Chondrogenic differentiation of MSCs
MSCs	 were	 encapsulated	 in	 1.2%	 alginate	 (CP	 Kelco)	 in	 saline	 at	 a	 density	 of	




























MSC	 alginate	 beads	were	 harvested	 in	 ice-cold	 55	mM	 sodium	 citrate	 and	 dis-
solved	after	gentle	agitation	at	4	 ºC.	The	solution	was	 then	centrifuged	at	400g 
for	8	minutes	at	4	ºC	and	cell	pellets	were	re-suspended	in	650	µl	RNA-Bee	(TelT-
est,	 USA)	 per	 bead.	 Chloroform	 (Sigma-Aldrich)	 was	 added	 to	 all	 samples	 at	
200	µL/mL	RNA-Bee.	RNA	was	further	purified	using	RNeasy	Micro	Kit	(Qiagen).	
RNA	 concentration	 and	 quality	 was	measured	 using	 NanoDrop	 ND1000	 UV-Vis	
Spectrophotometer	(Isogen	Life	Science).	RNA	was	reverse-transcribed	to	cDNA	
using	 the	RevertAid	 First	 Strand	cDNA	Synthesis	Kit	 (Fermentas,	Germany)	 ac-
cording	to	manufacturer’s	instructions.	qRT-PCR	was	performed	in	10µL	reactions	
on	 cDNA	using	 the	CFX96	Touch™	Real-Time	PCR	Detection	 System	 (BIO-RAD,	
USA).	 Expression	 of	 glyceraldehyde-3-phosphate	 dehydrogenase	 (GAPDH),	 hy-
poxanthine	phosphoribosyltransferase	1	(HPRT1),	collagen	type	 II	a1	(COL2A1),	
aggrecan	(ACAN),	collagen	type	I	(COL1A1)	and	versican	(VCAN)	were	determined	









to calculate COL2A1/COL1A and ACAN/VCAN	ratios.
Primer	 sequences	 were	 as	 followed:	 GAPDH,	 forward:	 GTCAACGGATTTGGTC-




COL2A1	 forward:	 GGCAATAGCAGGTTCACGTACA,	 reverse:	 CGATAACAGTCTT-
GCCCCACTT	and	probe	Fam:	CCGGTATGTTTCGTGCAGCCATCCT.	ACAN forward: 
TCGAGGACAGCGAGGCC,	reverse:	TCGAGGGTGTAGCGTGTAGAGA	and	probe	Fam:	
ATGGAACACGATGCCTTTCACCACGA.	 COL1A1	 forward:	 CAGCCGCTTCACCTA-
CAGC,	 reverse:	 TTTTGTATTCAATCACTGTCTTGCC	 and	 probe	 Fam:	 CCGGTGT-
GACTCGTGCAGCCATC.	 VCAN	 forward:	 TGGAATGATGTTCCCTGCAA,	 reverse:	
AAGGTCTTGGCATTTTCTACAACAG,	probe:	CTGGCCGCAAGCAACTGTTCCTTT.







Histological evaluation of MSC chondrogenesis in pellet culture
6	µm	 thick	paraffin	sections	were	made	of	 the	pellets	and	 thionin	staining	was	















observers	 as	 previously	 described15.	 Ranking	 was	 performed	 for	 each	 marker	
separately	and	for	each	sample,	the	average	rank	of	the	two	observers	(WW	and	
RR)	was	used	in	the	analysis.	
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Statistical analysis 
IBM	SPSS	 statistics	 21	 (IBM	Corporation)	was	used	 for	 statistical	 analysis.	The	






IPFP negatively impacts chondrogenic differentiation of MSCs
COL2A1 and ACAN	were	only	detectable	after	TGFβ1	was	added	(Figure	1).	IPFP	
from	OA	donors	statistically	significantly	lowered	the	gene	expression	of	MSCs	for	
COL2A1	 (p<0.001),	ACAN	 (p<0.001)	and	VCAN, without affecting COL1A1	 (Figure	
1A).	 This	 resulted	 in	 a	 lower	COL2A1/COL1A1	 (p<0.001)	 and	ACAN/VCAN ratio 
(p<0.05)	(Figure	1A).	This	effect	was	absent	when	CM	was	heated	to	95°C	for	10	
minutes	before	use,	indicating	that	the	effects	are	caused	by	proteins	produced	





Effect of obese versus lean IPFP and osteoarthritic versus traumatic 
joint IPFP on MSC chondrogenesis
Obesity	 increases	the	release	of	 inflammatory	 factors	by	adipose	tissue.	There-
fore,	we	hypothesized	that	CM	from	obese	IPFP	donors	(BMI	33.1	(30-35.8))	would	
reduce	MSC	chondrogenesis	more	 than	CM	 from	 lean	 IPFP	 (BMI	 23.1	 (21.5-24))	
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during	chondrogenic	differentiation.	 SAT	statistically	 significantly	 lowered	gene	
















Difference between IPFP and SAT in number and phenotype of macrophages
We	hypothesized	that	the	difference	in	effects	of	IPFP	and	SAT	on	expression	of	
chondrogenic	and	fibrous	tissue	genes	could	be	due	to	the	type	of	macrophages	
in	 the	 adipose	 tissue.	We	 therefore	 first	 characterized	 the	macrophages	 in	 the	
different	adipose	tissues.	 IPFP	samples	 from	OA	donors	ranked	higher	on	CD68	
(p=0.007	and	p=0.03)	and	CD206	 (p=0.02	and	p=0.049)	positive	 staining	 than	LR	
IPFP	and	SAT	samples	(Figure	5B	and	D).	We	could	not	detect	differences	between	
obese	and	lean	donors.





lowered the COL2A1 and ACAN	gene	expression	(Figure	6A).	Since	we	applied	a	
very	strict	selection	for	CD45+	cells,	the	remainder	fraction	still	contained	a	small	
number	of	CD45+	cells.	This	CD45	reduced	fraction	appeared	to	be	able	to	inhibit	
































































































































































































































































































































































































































































































































































































































































































































































































stage	OA	knees28;29.	Gandhi	et	 al	 16	 reported	 that	post-traumatic	 IPFP	expresses	
















Independent	 from	 joint	 pathology	 or	 obesity,	 differences	 have	 been	 reported	
between	IPFP	and	other	adipose	tissue.	IPFP	expresses	more	inflammatory	genes,	
release	more	 inflammatory	 factors	and	contains	more	 immune	cells	 than	SAT17.	
In	our	study,	the	anti-chondrogenic	effect	of	 IPFP	was	stronger	than	that	of	SAT	





produced	by	 the	fibroblasts,	 adipocytes	and	 immune	cells	 residing	 in	 the	 IPFP.	
A	 large	proportion	of	 the	 immune	cells	 in	 the	 IPFP	are	macrophages15;17.	 Immu-
nohistochemical	 analysis	 on	 IPFP	 and	 SAT	 indicated	 that	 IPFP	 contained	more	
macrophages	 than	 SAT.	 Previously	 we	 have	 shown	 that	 only	 pro-inflammatory	
macrophages	 inhibit	 chondrogenesis20	 and	 in	 the	 current	 study,	 only	 the	 pro-







other	 joint	 structures	 and	 thereby	 indirectly	 influence	 chondrogenesis.	 IPFP	
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4
by	the	IPFP	and	the	interplay	between	all	joint	tissues	will	determine	the	eventual	
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secrete	 factors	 that	 inhibit	 chondrogenic	 differentiation	 and	 stimulate	 tissue	
















TAA	 significantly	 decreased	 gene	 expression	 of	 tumor	 necrosis	 factor-alpha	
(TNFA),	interleukin(IL)-1β	(IL1B) and IL6	and	increased	expression	of	IL10, cluster 








Triamcinolone affects infrapatellar fat pad and macrophages 81
5
Conclusions


















ties3-5.	 The	 effect	 of	 anti-inflammatory	medication	 on	 the	 synovium	membrane,	






in	 response	 to	 inflammation4	 and	 IPFP	aggravates	 further	degeneration	of	 trau-
matized	 cartilage12.The	 IPFP	 contains	 many	 pro-	 and	 anti-inflammatory	 macro-












and	 the	 importance	 of	macrophages	 in	 inflammation,	 we	 investigated	whether	
macrophage	phenotype	within	 the	 IPFP	was	modulated	by	 the	medications.	 Fi-
nally,	we	investigated	whether	the	anti-chondrogenic	effect	of	IPFP	on	MSCs	and	


















media	were	 supplemented	with	 1.5	 μg/mL	 fungizone	 and	 50	 μg/mL	 gentamicin	
(both	 Gibco™).	 Triamcinolone	 acetonide	 (TAA;	 #T6501),	 celecoxib	 (#PZ0008),	
pravastatin	(#P4498)	and	fenofibrate	(#F6020)	were	acquired	from	Sigma-Aldrich	
(St.	Louis,	Missouri,	USA).	 	Dimethyl	sulfoxide	(DMSO;	Sigma-Aldrich)	was	used	




account	 any	possible	 effect	 of	DMSO,	we	 added	 extra	DMSO	 to	 the	 conditions	










































sone	 (Sigma-Aldrich),	 25	 μg/mL	 ascorbic	 acid-2-phosphate	 (Sigma-Aldrich),	 40	










Isolation and culture of human fibroblast like synoviocytes








After	 reaching	 sub-confluency,	 cells	were	 trypsinised	 and	 re-seeded.	 Fibroblast	
like	 synoviocytes	 (FLS)	 of	 passage	 3	were	plated	 as	monolayer	 at	 50.000	 cells/
cm2	 in	 IMDM	 with	 10%	 FCS	 and	 allowed	 to	 attach.	 After	 72	 hours,	 cells	 were	
washed	3	times	with	saline	and	DMEM-HG	containing	ITS+	with	25%	IPFP	CM	or	





















tumor	 necrosis	 factor	 alpha	 (TNFA),	 interleukin-1β	 (IL1B),	 IL6,	 cluster	 of	 differ-



















Triamcinolone acetonide reduces IPFP inflammation
Of	 the	 four	 medications	 tested,	 only	 100	 µM	 TAA	 significantly	 reduced	 TNFA 
(p<0.001), IL1B	 (p<0.001)	 and	 IL6	 (p<0.001)	 and	 increased	 the	 expression	 of	
genes	encoding	for	proteins	related	to	anti-inflammatory	processes,	namely	IL10 
(p<0.05),	CD206	(p<0.001)	and	CD163	(p<0.001)	in	IPFP	explants	(Figure	1).	DMSO	
as	diluent	of	 the	medications	did	not	 significantly	 influence	gene	expression	 in	
IPFP	explants	(Supplementary	figure	1).
Triamcinolone acetonide reduces IPFP inflammation, even at lower 
concentrations
Because	TAA	was	the	only	medication	that	significantly	decreased	the	expression	
of	 genes	 encoding	 for	 pro-inflammatory	 proteins	 and	 increased	 the	 expression	
of	 genes	 associated	with	 anti-inflammatory	 processes,	we	 decided	 to	 focus	 on	
the	effects	of	this	medication.	To	reduce	possible	negative	effects	of	100	µM	TAA,	
we	investigated	whether	a	lower	concentration	of	TAA	would	give	the	same	anti-




































































































































































































































































































































































Triamcinolone acetonide modulates macrophage phenotype in IPFP
Next	we	investigated	whether	TAA	modulates	the	phenotype	of	the	macrophages	
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Triamcinolone acetonide reduces anti-chondrogenic and pro-catabolic 
effects of IPFP
Finally,	we	 investigated	whether	TAA	can	 reduce	 the	negative	effect	of	 IPFP	on	
chondrogenesis	of	MSCs	and	the	fibrotic	and	catabolic	processes	in	fibroblast	like	








MSC	alginate	beads	and	the	FLS.	COL2A1 and ACAN were significantly reduced in 



























































































































































































































































































































Figure 4 Triamcinolone	 acetonide	 reduces	 the	 anti-chondrogenic	 and	 pro-catabolic	 effects	 of	
IPFP.	
FLS	and	chondrogenic	stimulated	MSC	alginate	beads	were	treated	with	CM	from	IPFP	treated	without	or	with	
TAA	in	the	concentrations	10	µM	and	1	µM.	A)	COL2A1, ACAN, MMP1, and MMP13	expression	in	chondrogenic	









IPFP	 inflammation	and	 thereby	prevent	 the	negative	effect	of	 IPFP	on	chondro-
genic	 MSCs9	 and	 synovial	 fibroblasts10;11.	 We	 have	 tested	 four	 commonly	 used	







sis10 and inhibit of chondrogenesis during cartilage repair9.		In	the	current	study	
study,	TAA	not	only	decreased	expression	of	genes	encoding	for	pro-inflammatory	
proteins	 in	 IPFP	but	 also	 increased	 the	 percentage	 of	macrophages	 expressing	
CD163	and	CD206	protein	on	their	surface	in	the	IPFP.	Anti-inflammatory	or	M2-like	
macrophages	express	CD163	and	CD206.	Furthermore,	they	express	factors	that	








ing	 on	 genes	 known	 to	 be	 expressed	by	different	macrophage	phenotypes.	We	
therefore	decided	not	to	continue	with	celecoxib,	pravastatin,	and	fenofibrate	in	
the	 current	 study,	 as	 inflammation	 driven	 by	 the	macrophages	 seem	 to	 play	 a	
large	 role	 in	 the	 negative	 effect	 of	 IPFP	 on	 joint	 tissues9;	 10.	We	 cannot	 exclude	
however	 that	 celecoxib,	 pravastatin	 and	 fenofibrate	 might	 have	 an	 effect	 on	




fect on cartilage is seen6.		TAA	does	reduce	catabolic	processes	in	OA	synovium	
explants	co-cultured	with	cartilage	explants17	and	in-vivo	rat	studies	have	shown	




vitis23.	 Furthermore,	 unlike	 other	 glucocorticoids,	 it	 is	 not	 toxic	 to	 cartilage	or	
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1	µM.	A)	COL2A1, ACAN, MMP1, and MMP13	expression	in	chondrogenic	stimulated	MSC	alginate	beads	relative	
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The	metabolic	 syndrome	 is	 a	 concurrence	of	obesity,	hyperinsulinemia,	dyslip-












potentially	 inhibit	 inflammatory	 processes	 in	 the	 joint	 as	 well	 as	 improve	 the	
metabolic	profile	of	patients,	they	might	offer	a	potential	therapeutic	or	preven-


































Diets and drug intake
Mice	 were	 fed	 semi-synthetic	 non-irradiated	mice	 reference	 diet	 (AbDiets,	Wo-
erden,	The	Netherlands)	for	4	weeks	before	feeding	the	experimental	diets.	Body	
weight	(BW)	was	measured	every	two	weeks	and	food	was	replaced	2-3	times	per	



















One	mouse	 in	 the	 simvastatin	 40mg/kg	 BW/day	 treatment	 group	 rapidly	 lost	








-80ºC.	 Total	 plasma	 cholesterol	 (Roche	Diagnostics	 kit	 no.1489437)	 and	plasma	
triglyceride	(Roche	diagnostics	kit	no.1488872)	were	determined	after	defrosting.	
Serum	Amyloid	A	(SAA)	was	also	determined	in	each	sample	by	ELISA	(Tridelta	














image	pixel	 size	 17.92	 μm;	 exposure	 time	 2360	ms;	 frame	 averaging	 3;	with	 0.4	














sections	were	 cut	 at	 100	µm	 intervals	 through	 the	 joint.	 Sections	were	 stained	

















Statistical	 analysis	 was	 performed	 in	 IBM	 SPSS	 statistics	 20	 (IBM	 Corporation,	
Armonk,	New	York,	USA)	and	R:	A	language	and	environment	for	statistical	com-
















Simvastatin treatment had no statistically significant effect on serum 
parameters or OA characteristics
Body weight	As	expected,	the	mean	BW	of	the	mice	in	the	control	group	increased	


















































































































































































Average total food 
intake per mouse in 
grams**
P Value Actual drug intake per kg body 
weight per day in mg (% of intended 
drug intake)
Control 492.1	±	15.7
Simvastatin	40	mg 467.1	±	13.8 1.000 30.7	±	1.8	(77)
Simvastatin	100	mg 460.2	±	4.2 0.265 76.2	±	2.6	(76)
Fenofibrate	80	mg 557.5	±	18.8 0.009 74.5	±	2.0	(93)
Fenofibrate	200	mg 524.9	±	8.6 0.265 189.3	±	5.5	(95)
















































































































































































































































































































































































































































































































































































levels	 in	 fenofibrate	 treated	groups	did	not	change	after	start	of	 treatment	and	
at	 end	 point	were	 significantly	 lower	 than	 in	 the	 control	 group	 (95%	CI:	 9.5	 to	
















Only	 serum	 amyloid	 A	 was	 statistically	 significantly	 different	 between	 mice	
treated	with	a	combination	of	simvastatin	and	fenofibrate	and	controls	(Figures	
2,	3	and	4)
Correlation between body weight, serum markers, cartilage damage, 
synovial hyperplasia and bone changes.






















0.14 0.04 0.19 0.32 0.31 0.22
Serum
  Total cholesterol 0.09 0.07 0.02 0.05 0.04 -0.26 -0.23
  Total triglyceride 0.45 0.12 0.10 0.10 0.28 0.03 0.04
		Amyloid	A 0.21 -0.01 -0.08 0.08 0.12 0.34 0.19
		IL1α -0.52 -0.07 -0.09 -0.04 -0.09 -0.09 -0.13
		MIP1α -0.44 -0.09 -0.13 -0.02 -0.05 -0.01 -0.06
		IL10 0.11 -0.08 -0.14 0.03 -0.01 -0.01 -0.11























































humans,	 these	different	 types	of	 statins	have	been	described	 to	have	different	
therapeutic	effects	in	mice21.
The	result	of	our	study	that	simvastatin	could	not	statistically	significantly	reduce	
OA	cartilage	damage	 is	 also	not	 consistent	with	 a	previous	 study	by	Yudoh	et	
al14,	who	reported	a	statistically	significant	decrease	in	OA	cartilage	score	in	STR/














reduction	could	 reduce	serum	 triglyceride.	Control	mice	continued	 to	gain	BW	
over	time,	reaching	a	mean	weight	of	36.8	±	3.2	grams	at	the	age	of	24	weeks.	This	
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6
artherosclerosis	and	rheumatoid	arthritis34-36,	is	increased	in	obesity37 and clinical 
studies	have	shown	that	SAA	can	be	lowered	by	fenofibrate	and	simvastatin	treat-
ment38-40.	 In	the	present	study	with	STR/Ort	mice,	SAA	levels	were	only	lowered	
after	 fenofibrate	 treatment.	 SAA	 is	 described	 to	 be	 induced	 by	 the	 cytokines	
IL1β,	 IL6	 and	TNF-α	 and	 it	 can	activate	 the	NF-ĸB pathway34;35;41.	Kyostio-Moore	






Furthermore,	 we	 found	 no	 correlation	 between	 individual	 serum	 inflammatory	
markers	and	synovial	hyperplasia,	suggesting	that	systemic	inflammation	is	not	
directly	related	to	local	inflammatory	changes	in	the	knee	in	our	STR/Ort	mice
Fenofibrate	 lowers	 lipid	 levels	by	 activating	PPARα.	 It	 has	been	 suggested	 that	
STR/Ort	 mice	 have	 reduced	 endogenous	 PPARα	 signalling.	 This	 reduction	 of	
PPARα signalling could be associated with increased osteogenic differentiation 
and	reduced	adipogenic	and	chondrogenic	differentiation	of	bone	marrow	derived	
mesenchymal	stem	cells		and	thus	be	associated	with	the	development	of	OA	in	
these	mice20.	 In	our	 study,	PPARα	 activation	with	200mg/kg	BW/day	 fenofibrate	
did	 indeed	 reduce	 the	 total	 bone	 volume	 in	 the	 subchondral	 bone.	 	We	 could	
however,	 not	 detect	 a	 significant	 reduction	 of	 cartilage	 damage	 in	 our	 study.	
Changes	in	cartilage	and	subchondral	bone	during	OA	development	are	thought	



























mortality47,	 treating	 dyslipidemia48	 and	 decreasing	 inflammation49	 compared	 to	
monotherapy.	Because	the	combination	is	demonstrated	to	be	more	effective47-49,	
a lower dose of both drugs can be used and therefore less side effects will occur50.	
Unfortunately,	we	 did	 not	 see	 synergistic	 effects	 of	 the	 combination	 treatment	
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INTRODUCTION
Traumatic	 articular	 cartilage	 injury,	 a	 common	 pathology	 of	 the	 knee1,	 results	
in	considerable	morbidity	and	disabilities	and	could	eventually	lead	to	osteoar-
thrithis	 (OA).	Articular	cartilage	has	 low	self-repair	capabilities2	and	the	micro-
fracture	procedure	 is	used	 to	 induce	 intrinsic	cartilage	 repair	by	mesenchymal	
stem	cells	(MSCs)3	The	microfracture	procedure	leads	to	significant	symptomatic	
improvements	 in	most	patients4;5	The	clinical	 improvements	are	reported	to	be	













































gical	scalpel	was	made	medially	and	proximally	 from	the	 insertion	of	 the	patel-
lar	 tendon	on	 the	 tibia	 towards	 the	 attachment	of	 the	quadriceps	muscle.	The	
joint	capsule	was	opened	with	a	small	incision	and	the	joint	was	fully	extended	










groups:	patella	dislocation	 rate	was	35%	 for	 the	control	group	and	32%	 for	 the	


















determined	by	Enzyme-Linked	 Immuno	Sorbent	Assay	(ELISA)	according	 to	 the	
manufacturer’s	instructions.	










Evaluation of cartilage repair
Paraffin	 sections	 were	 stained	 with	 thionin	 or	 immunohistochemically	 stained	
with	a	monoclonal	 antibody	against	 collagen	 type	2.	 For	 immunohistochemical	










reconstruction	 of	 osteochondral	 junction,	matrix	 staining	 and	 cell	morphology	





of	 three	different	 slides	was	determined	and	 in	 case	of	 a	 >1	 score	discrepancy	
between	the	two	observers,	rescoring	was	performed	together	by	the	two	observ-
ers.	
Evaluation of local and systemic inflammation  
Cryosection	of	the	patella	with	surrounding	synovium	were	fixed	in	acetone	and	
stained	with	 hematoxylin	 and	 eosin	 (H&E).	 For	 immunohistochemical	 staining,	
sections	were	 incubated	with	monoclonal	 antibody	 against	 F4/80	 (eBioscience,	

















proteinase	 k	 solution	 (Sigma-Aldrich)	 for	 antigen	 retrieval	 and	 followed	by	 the	
same	 immunohistochemical	staining	procedure	 for	F4/80	as	the	synovium.	Two	
independent	observers	 (WW	and	MS)	counted	 the	number	of	crown	 like	struc-
tures	per	area	of	random	100	adipocytes	for	3	sections	per	sample	and	the	average	
number	between	the	two	observers	was	used	in	the	analysis.
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Statistical analysis





determined	 using	 an	 unpaired	 T-test.	 Differences	 were	 considered	 statistically	
significant when p<0.05.
RESULTS


































































































































































High fat diet does not cause major systemic or local metabolic and 
inflammatory changes in DBA/1 mice
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Long term effects of high fat diet and cartilage damage in DBA/1 mice
Long	term	feeding	with	HFD	significantly	increased	the	weight	of	the	mice	(Figure	
2A,	41.1	grams	versus	30.3	grams;	p=0.008),	but	did	not	influence	serum	metabolic	
and	 inflammatory	markers	(Figure	2B-D).	A	small	 loss	of	 thionin	staining	of	 the	




























































0 1 8 24
























Obesity,	a	major	risk	 factor	 for	 joint	diseases9,	has	been	reported	to	negatively	
influence the clinical results of cartilage repair procedures6;21.	The	present	study	is	
to	our	knowledge	the	first	one	that	investigated	the	direct	effect	of	a	HFD	induced	
weight	 gain	 on	 intrinsic	 repair	 of	 cartilage	 defects	 in	 an	 experimental	 mouse	




































































































possess cartilage repair capabilities16;22;23	Next	to	DBA/1	mice,	MRL/MpJ	mice	are	
known	to	possess	cartilage	repair	capabilities24;25.	Interestingly,	these	mice	gained	






Individual	differences	 in	 response	 to	being	obese	are	 also	known	 in	humans.	
Accumulation	of	macrophages	in	crown	like	structures	(CLS)	in	obese	subjects	is	










































to	 chondrocytes	 and	 synthesis	 of	 extracellular	matrix	 requires	 a	 large	 amount	




damage	 and	 mTOR	 inhibition	 by	 rapamycin	 could	 prevent	 post-traumatic	 OA	
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mice	 do	 not	 negatively	 impair	 cartilage	 repair,	 but	 can	 even	 accelerate	 it.	 The	
precise	mechanism	in	how	HFD	influences	cartilage	repair	in	DBA/1	is	unknown.	
However,	 our	 data	 suggests	 that	 resistance	 to	 HFD	 induced	 inflammatory	 and	












































strains	 capture	 the	 phenotypic	 diversity	 characteristic	 of	 human	 populations.	 J	 Appl	 Physiol	
(1985)	102:2369-2378.
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insulin	 resistance	 and	vascular	 endothelial	 dysfunction	 in	 obese	 subjects.	Arterioscler	Thromb	
Vasc	Biol	28:1654-1659.
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SUMMARY AND GENERAL DISCUSSION
The	most	characteristic	changes	in	obesity	are	an	increase	in	adipose	tissue	mass	
and	adipose	 tissue	 inflammation.	This	 in	 turn	 leads	 to	 increased	 loading	of	 the	
joints	and	systemic	metabolic	and	inflammatory	changes.	Because	adipose	tissue	
is	 a	major	 contributor	 to	 the	 inflammation	 in	 obesity,	we	have	 focused	on	 the	
effect	of	adipose	tissue	on	different	tissue	in	the	knee	joint	and	cartilage	repair.	
LOCAL EFFECTS OF ADIPOSE TISSUE
The infrapatellar fat pad, an adipose tissue not changed by obesity
The	infrapatellar	fat	pad	(IPFP)	is	an	intra-articular	adipose	tissue	in	direct	contact	
with	the	synovium	membrane	and	can	therefore	influence	the	knee	joint	environ-










IPFP	between	obese	and	non-obese	donors	in	our	previous	work8 nor in Chapter 
4.	An	in-vivo	study	in	high	fat	diet	fed	C57BL/6	mice	has	confirmed	our	finding	that	
adipocyte	size	and	infiltration	of	macrophages	are	not	changed	by	weight	gain9.	




MSCs	were	not	correlated	to	BMI	(Chapter 3 and 4)8,.	This	all	suggests	that	IPFP,	
unlike	subcutaneous	and	visceral	adipose	tissue,		is	not	influenced	by	obesity.	
The IPFP and inflammation












pro-fibrotic processes (Chapter 3)	and	pro-catabolic	processes	in	synovial	fibro-
blasts16( Chapter 5).	In	turn,	this	can	lead	to	an	increase	in	inflammatory	factors	
in	the	synovial	fluid	and	further	deterioration	of	the	joint	environment	for	repair.	
Studies	 have	 shown	 an	 increased	 amount	 of	 pro-inflammatory	 cytokines	 such	
as	 IL1α/β,	 IL6,	 IL8,	 and	TNFα,	 in	 synovial	 fluids	 of	 patients	with	 focal	 cartilage	
















duce catabolic processes in cartilage31	and	pro-fibrotic	processes	in	synovial	fibro-
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8
able	 to	 reduce	 inflammation	 in	 IPFP	and	modulate	 the	macrophages	 towards	a	
anti-inflammatory	phenotype.	The	anti-chondrogenic	and	pro-catabolic	effects	of	
the	IPFP	were	also	reduced	by	TAA.	This	suggests	that	modulation	of	macrophage	
phenotype	by	medication	might	 improve	 the	 joint	 environment	 to	 reduce	 joint	
disease	and	be	better	suitable	for	cartilage	repair.	









blocking	adiponectin	and	 leptin	did	not	 inhibit	 the	pro-catabolic	effects	of	 IPFP	














which	 stimulates	pro-catabolic	 processes	 in	 synovial	 fibroblasts48.	 Inhibition	of	
prostaglandin	secretion	 is	possible	through	inhibition	of	cyclooxygenase	(COX)	
activity.	Non-specific	COX	inhibitors	such	as	non-steroid	anti-inflammatory	drugs	
(NSAIDs)	 and	 specific	COX-2	 inhibitors	 such	 as	 celecoxib	 are	 already	 clinically	
used	to	reduce	inflammation	and	the	symptoms	of	OA.	Although	COX	inhibition	















joint49;54.	One	group	of	 lipids	are	 the	 fatty	acids	and	 these	 fatty	acids	are	being	
extensively	studied.	Fatty	acids	can	stimulate	or	inhibit	inflammatory	processes55 
and	 influence	 cartilage	 loss	 in	 OA	 cartilage56.	 An	 increased	 intake	 of	 omega-3	
fatty	acids	could	decrease	chronic	inflammation57 and dietary fatty content could 
regulate	wound	healing	in	mice58.	It	is	therefore	interesting	to	investigate	whether	
changing	diet	is	a	possible	strategy	to	modulate	IPFP	inflammation	and	thereby	








Removal of the IPFP 
Instead	of	modulation	of	the	IPFP,	it	is	also	possible	to	surgically	remove	the	IPFP2.	
During	total	knee	arthroplasty,	the	IPFP	is	often	removed	to	improve	visibility	dur-
ing the surgical procedure59;60.	However	the	removal	of	the	IPFP	during	total	knee	
arthroplasty is under debate61 because it is associated with shortened patellar 
tendon	and	anterior	knee	pain.	Even	subtotal	removal	of	 the	 IPFP	with	arthros-




capacities	 and	 some	 authors	 have	 proposed	 to	 use	 these	MSCs	 in	MSC-based	
























Besides	 the	 knee,	 the	 ankle	 and	 the	 hip	 also	 have	 an	 intra-articular	 adipose	
tissue.	In	the	ankle	it	is	called	the	Kager’s	fat	pad	and	is	located	posterior	to	the	
ankle	joint,	anterior	to	the	Achilles	tendon78.	The	Kager’s	fat	pad	is	also	known	as	
the	pre-Achilles	 fat	pad.	Trauma	to	 the	calcaneus	or	Achilles	 tendinopathy	can	
influence	the	Kager’s	fat	pad78;79.	The	intra-articular	adipose	tissue	in	the	hip	has	
only been recently described80	and	is	similar	to	the	IPFP	in	tissular	phenotype81.	







SYSTEMIC EFFECTS OF ADIPOSE TISSUE  
Besides	the	local	effects	of	adipose	tissue	on	joint	disease	and	repair,	the	systemic	
effects	 has	 also	been	 a	 focus	 of	 investigation.	 Especially	 the	 systemic	 changes	
that	occur	in	obesity	is	being	extensively	studied.	Obesity	increases	the	chance	




behavioral,	 environmental	 and	 genetic	 factors84;	 85.	 Although	our	work	 suggests	
that	 the	 IPFP	 is	 possibly	 not	 influenced	by	 obesity,	 subcutaneous	 and	 visceral	
adipose	tissues	become	inflamed	due	to	obesity86.	In	adipose	tissue	inflammation,	





Obesity related metabolic and inflammatory changes on cartilage 
damage
In Chapter 6	we	used	the	STR/Ort	strain	of	mice.	These	mice	develop	metabolic	




cartilage	damage90.	This	mouse	model	 therefore	 seemed	 to	us	very	well	 suited	


















changes	 and	genetic	predisposition	 are	 the	 cause	of	 cartilage	damage	 in	 these	
mice.	This	also	suggest	that	being	obese	does	not	always	lead	to	cartilage	damage.	














developed	 metabolic	 and	 inflammatory	 changes	 spontaneously.	 This	 suggests	
that	resistance	to	HFD	induced	inflammatory	and	metabolic	changes	is	associated	
with	accelerated	cartilage	repair	and	reduced	OA	susceptibility.	In	humans,	some	
individuals	 are	 prone	 to	 development	 of	metabolic	 syndrome84,	 but	 some	 also	
gain	weight	and	become	obese,	but	do	not	develop	the	accompanying	metabolic	
and	 inflammatory	changes.	This	group	of	obese	 individuals,	 also	known	as	 the	











































Modulation of the infrapatellar fat pad to improve the joint 
environment for cartilage repair
Irrespectively	to	the	effects	of	adipose	tissue	related	systemic	changes	have	on	the	
local	 joint	environment,	 the	 IPFP	secretes	a	 large	amount	of	different	adipokines	
and	fatty	acids.	These	individual	factors	might	have	anabolic	or	catabolic	effects	on	







can	be	modulated	 to	be	beneficial	 for	 the	 joint	 environment.	Most	 experimental	
studies	on	the	effect	of	inflammatory	modulation	on	joint	disease	are	first	performed	
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worden	 er	 gaten	 gemaakt	 in	 het	 bot	 onder	 het	 kraakbeen.	Hiermee	worden	de	
mesenchymale	stamcellen	in	het	beenmerg	gestimuleerd	om	het	kraakbeendefect	
op	te	vullen	met	littekenweefsel.	





len	 vergroot.	 Daarnaast	 is	 er	meer	 infiltratie	 van	 ontstekingscellen,	 waaronder	
macrofagen.	 Macrofagen	 zijn	 witte	 bloedcellen	 die	 een	 belangrijk	 rol	 spelen	
in	ons	afweersysteem.	Er	 zijn	 in	het	 lichaam	pro-inflammatoire	macrofagen	 	 en	
weefselherstellende/anti-inflammatoire	macrofagen.	Het	vetweefsel	is	bij	obesitas	






















stijfheid	 van	 het	 gewricht.	 Dit	 wordt	 deels	 veroorzaakt	 door	 fibrosering,	 ofwel	
verlittekening	 van	 het	 synovium.	 	 Dit	 proces	 ontstaat	 	 doordat	 fibroblasten	 in	
het	 synovium	meer	 fibrotisch	weefsel	 gaat	 produceren.	 De	 fibroblasten	 produ-
ceren	meer	fibrotisch	weefsel	door	aanwezigheid	van	ontstekingsfactoren	of	een	
overdaad	aan	groeifactoren.	Het	Hoffa’s	vetweefsel	ligt	in	de	knie	direct	tegen	het	
synovium	 aan.	 Het	 synovium	wordt	 dus	mogelijk	 continue	 beïnvloed	 door	 het	




en	deze	 gekweekt	met	het	 kweekmedium.	Wij	 zagen	hierbij	 dat	de	fibroblasten	
meer	 fibrotische	 eigenschappen	ontwikkelden.	We	merkten	ook	op	dat	 er	 geen	
verschil	was	 in	effect	 tussen	kweekmedium	gemaakt	van	Hoffa’s	vetweefsel	van	
obese	 en	 van	 niet-obese	 donoren.	 Verder	 ontdekten	 we	 dat	 prostaglandine	 F2a 
(PGF2a)	uitgescheden	door	het	Hoffa’s	vetweefsel	mede	verantwoordelijk	is	voor	












































































is	 het	 mogelijk	 met	 medicijnen	 het	 Hoffa’s	 vetweefsel	 te	 moduleren	 om	 zo	 de	
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